Abstract -The possibility and usefulness of sinple liquid models is reported. The importance of van der Waals forces for liquid water and aqueous solutions is discussed and compared with the solubility of water in nonpolar solvents and as well as of nonpolar solvents in water. Both systems could be understood as equilibrium of few water monomers. The network of H-bonded water molecules seems to be less important for both effects. This conclusion would disagree with the cluster model of liquid water. The polarization of OH groups by unpolar solvents is demonstrated. The carrier effect of polar molecules for the solubility of water in nonpolar solvents is studied with the polyethylenoxides. The change of water solubility in organic phases by changes of the water activity by other solutes is reported. As example for the cooperativity effect of water H-bonds the influence of different cations on the interaction between water and aprotic solvents is studied. This gives a view on the role of water and its cooperativity on biochemical structures.
INTRODUCTION
Water plays an important role in the structure and behaviour of biochemicals; water dissolved in solvents is often a disturbing impurity. Studies of water/solvent mixture could help to optimize our knowledge of the anomalous properties of this unusual compound. In order to understand water/nonpolar solvent mixtures it is necessary to appreciate 1. the structure of nonpolar liquids and, 2. the structure of pure liquid water.
HOW COULD WE DESCRIBE LIQUiDS?
The use of simplified models of the bulk liquid state seems not unreasonable so long as the simplified ideal gas law is used. Such models giving good quantitative results are available for nonpolar liquids (ref. 1, 2) and for H-bonded liquids (ref. 3, 4) . Corresponding to the ideal gas an ideal liquid can be defined (ref. 2) as a liquid having a linear relationship of T with decreasing density The ideal gas model is valid as better as higher T is compared with T (critical T). The ideal liquid model is better as lower T is compared with T or TB (TB: biling T). The linear density -temperature relation is valid for nearly all nonpolar or weak polar liquids in a good approximation at T <TB. fte sane straight line giving, the liquid density at T < TB is at T > TB the m + for real liquids (Pv: density of equilibrium vapour). Therefore XF = L / (OL + transfers the ideal liquid to a real one easier and nre correctly as te real gas correction by van der Waals. This correction corresponds to the hole model of Eyring, but Eyring's model using the statistical thermodynamics is more complicate than our ideal liquid model with its real correction and calculating the mean values of caloric properties. This correction xF gives a common function on the reduced scale T/T valid for most small molecules. It is difficult to understand why this liquid model is notcused more often.
Scientists follow often to the fashion. The present fashion of liquid research is dominated by its look for partition functions. But the distribution functions of liquids have the same origin in thermal energy distribution as molecular velocities in gases. Since Boltzmann and Maxwell this gas partition is described by its mean value RT. Why the genial method is not applied on liquids too? T as one of the basic units of the SI system demonstrates the success of the RT-method gifted with genius. Similarly the distribution on the vibration levels of the intermolecular potential H11 (Fig. 1) could be averaged by an fictious vibration level with the height RT. An intermolecular distance distribution corresponds to this average level RT. For orientation dependencies H11 depends on two coordinates, the distance r and the angle. (1) gives useful reduced formula of the heat of vaporization Lv with one adjusted constant, the coordination number Z (Fig. 2) . In condensed media the sum of pair potentials must be taken into account. Such a model is shown in Fig. 3 and assumes 13 molecules at an average symmetric distance r around the centre of the coordination system (a: molecule size parameter). The action on a central 13th particle as a function of the distance r to an outer-sphere particle gives, for a crystal at 0 K, a potential minimum at r/o = 1,122 of size Z/2 c , and at higher T (or higher thermal vibrations expressed by an averaged distance r), a slit in 6 minima (two minima plotted in the one dimensional plot of Fig. 3 , and 6 in the two dimensional one in Fig. 4 ). The central particle can oscillate, with small activation energies, from one potential minimum to the neighbouring one. Z(1 -x ) is the reduction of the potential acting at higher r or higher T respectively (ref. 7). he three dimensional calculation with Z = 12 gives similar results.
This estimation with nearly constant distance 1.122 a for the potential minima (Fig. 3) , nearly the minima of the pair potential, teaches us why X-ray scattering produces a nearly constant distance for the first maximum in the pair distribution curves, and reduced areas of these maxima at higher T (i.e. reduced Z (1 -xF)).
With these simple ideas the liquid's calorific properties such as, heat of vaporization ( Fig. 2 This induces endothermic values for heat of mixing of nonpolar molecules. Since the geometric average (first term) is always smaller than the arithmetic one (second term) if E11 # E22, the difference between both values becomes higher as E11 differs more and more from E22. In dilute solutions of the solute 1 in solvent 2, E22 determines the energy to produce a '1iole" for the solute. This could be the reason that two non-mixable solvents mix at higher T by more similar interaction energies and by E.. < RT.
HOW COULD WE DESCRiBE WATER?
For an extremely associated liquid like water with an orientation dependent interaction energy the orientation defects °F' the number of non-H-bonded OH groups abbreviated with free OH", are an additional important parameter which determines the properties of liquid water. The density of water changes little up to 200°C; the percentage density change decreases with T as shown in Table 1 . The estimated increase of averaged distances are shown in parenthesis. for liquids than for gases; dynamic properties could differ. The calorific properties of H-bonded liquids depend on the concentration of non H-bonded OH, the H-bond energy and the van der Waals energy W. No adjusted constants are necessary apart from these va?ues. LHH can be determined spectroscopically (ref. 9, 12) , and tW is available from the total energy, the sublimation energy txU, and LHH. Table 2 at 20°C). The excess of "free" non H-bonded lone pairs of alcohols shifts the equilibrium (3) to the right. This effect has been demonstrated spectroscopically in water-alcohol mixtures at 20°C (Fig. 5) . At 1400 mm the extinction coefficient, , per OH group of the spectrum decreases in a 1 : 1 molar mixture compared with the calculated spectrum.
In this region the non-H-bonded OH groups absorb. This decrease, at about 2 %, is similar to that observed when water is cooled to 5°C. The relatively higher concentration of C may be responsible for the equilibrium shift (3). The complicated spectrum change a er wavelength corresponds to a change of the simultaneous excitation of two neighbouring OH groups of CHOH by one quantum (ref. 12) and Cr1/OH combination. This effect is favoured by H-bonds. As 1ig. 6 demonstrates the viscosity r of these mixtures increases. The viscosity of a 1 : 1 mixtures corresponds to ri of water at 5°C too. In describing the solubility of hydrophobic molecules in water by equation (2) we must take into account that E11 is propotional to the energy required to produce a hole in water and would depend on tHH 4 AW, but for the interaction energy with an nonpolar lute in H12 only the van der Waals energy of water W need be taken as H1 1 in (H11' . H22)1' . That means H11 -3 H111. As result, at 25°C, the solubility of 114 in propane is about 88 times that 
Z4(l_Of)+6OF=4+2OF
Here the term 4 (1 -OF) shows the intermolecular degrees of freedom between H-bonded OH groups and 6 of the non-H-bonded OH, assuming a coordination number of 6 around them (ref.
3). The last term in equation (4) corresponds to the excitation of translation in the vapour state and its hindrance in real gas state. This last term is to taken into account near Tc
SOLUBILITY OF HYDROPHOBIC MOLECULES IN WATER
In consequences of the van der Waals forces of water which we infer in Table 3 for the solubility of small hydrophobic molecules in water at 60°C is proportional to Tc of the solute (Fig. 7) . T is a measure of the van der Waals interactions (ref. 1, 2, 19) . But the solubility of hyarophobic molecules in water depends on two parameters (ref. 20): 1. the pair potential of the hydrophobic solute and 2. its size. These two parameters are indicated by T-dependence of the solubility minimum in mixtures nonpolar solute/water (ref. 17, 20) , (Fig. 8) . The position of this minimum depends on the pair potential of the solute (Fig. 8) . At temperatures below this minimum the solubility decreases normaly as the Boltzmann distribution expects. But at higher temperatures the solubility increases again indicating that the higher disturbance of the H-bond network of water favors the acceptance of guest molecules. If the interaction energy of the solute is high this condition is less important. The acceptance of a guest molecule because of relatively low van der Waals interaction energies could be favoured by the formation of a pentagon-dodecahedral group of 20 H-bonded water molecules. [n Fig. 10 the log of the reciprocal solubility of hydrophobic molecules in water (log (mole H20/mole solute)) at 20°C as function of the molar volume of the solute is plotted (ref. 31) .
To compare solubility and interaction energies the logarithm of the solubility has to be taken by its proportionality with the free energy. Below the minimum (maximum solubility) the solubility depends mainly on the van der Waals potential of the solute. Above the minimum the work to produce bigger holes may dominate the solubility mechanism, The position of the minimum in Fig. 10 corresponds to a molecular size of about 4.500 cm; the diameter of the hole of the pentagon-dodecahedron (Fig. 9 ) is also about 4.510 cm. Above a certain moleculear diameter the solubility decreases strongly (ref. 31, 32). This requires only a small deviation of the maximum H-bond angle if the axis of protons and lone pair electrons are antiparallel. In the pentagon-dodecahedron (see Fig. 9 ) water forms five membered rings instead of the six membered rings of the ideal ice tridymite structure. These pentagon-dodecahedron, known by X-ray scattering of gas-hydrates, form holes of a size similar to those of the Stuart -Briegleb models in while one benzene molecule could be included. Within such holes guest molecules would have a coordination number Z = 20 to H20, thug favouring the solubility energy. Table 3 demonstrates the decrease of solubility of saturated organic molecules with increasing size of solutes (Fig. 10) . (Table 3 ). The solubility of small hydrophobic molecules in water at 20°C (in l0 mol/l, CH4:1.44; C2H6: 2.05; C3H8: 1.6) is in the range of the concentration of water molecules in saturated H20 vapour i.e. 1.281O mol/liter at 25°C. The solubility of such small molecules in water could be imagined as an exchange process between water monomers and perhaps some small water aggregates. The low solubilities of nonpolar molecules in water do not agree well with the cluster model of water. If the non-H-bonded OH groups of water were concentrated on the surface of H-bonded clusters we might expect a better solubility of hydrophobic molecules in these defect areas. We could assume that the non-H-bonded OH groups are distributed in the H-bonded network and therefore the energy to produce hole for guest molecules in water dpeends not only on LW but also on LHH.
The solubility of CH4 in water is about 1/88 of its solubility in C3H8 or 1/33 of in benzene. This is not a lag of Waals forces of water but the necessity of opening H-bonds of water for the solute. The solublity of Ar at 25°C in CH1OH or C2H6OH is similar to that in acetone or benzene about 1.1.10 mol/l, but 1.5.lO3mo1/I in water (200C). In alcohols guests molecules could be included between the hydrophobic CE groups without opening H-bonds.
The content °F of non-H-bonded OH groups is such that there is a probability that one OH group of H20 is nai H-bonded. The probability that4all 4 possible H-bonds of one H20 are not bonded (monomers) could be assumed (Stanley) as O. These values, the fraction of monomers in liquid water N /Nliq are plotted as dotted line in Fig. 11 . At 25°C we get with the spectro- . In a solubility model we can asume that these holes accept solute. Naturally this simplified model must be corrected by the heats of solution. On the other hand we can assume that water monomers are in equilibrium with other solvents and are correlated to the water solubility in the solvent. In this simplified assumption we assume that the network of H-bonded molecules has little influence on the water solubility only the few monomers and dimers etc. can take part.
SOLUBILITY OF WATER IN SOLVENTS Solubility of water in hydrophobic solvents
To solve water (ref. 11) in unpolar solvents (ref. 21) instead eq. (2) the solution energy is -Z12(E22W11)lI2/2 but the energy to produce holes is -(Z'E)2/2) + Z'(AH11+W11). The table 4 shows the sotubility of water in some organic hydrophobic solvents at 20°C or 25°C. The table demonstrates that the molefraction x2 of water in a mixture is not a good measure of solublity but the molar concentration of water. We get similar values of about 3.1O mol water/liter solvent and in nearly all cases in the table water interacts similarly to CH2 or CE3 groups. The averaged soubility of table 4 is not far from the equilibrium vapour concentration of p5 = 1.28.10 Mol/l (25°C). We might assume that the monomers in liquid water namely determine the solubility equilibria. The network of H-bonded molecules can be assumed not to be involved much in the solubility. 
In the temperature range 0 to 25°C the solubility of water in other solvents increases with T, reflecting the increase of the monomer content in liquid water, or p of water. In agreement with this simplified solubility model the solubility moles of wate per liter of CHC1= CC12 at 20°C is equal to the water vapour concentration p in mole/l, and the T-dependence of the solubility of water in CHC1 = CC12 is nearly the .ame as the T-dependence of p (Fig. 12) (ref. 33, 34 ).
Molecular polarization by intermolecular interactions
Simple estimations of intermolecular effects with E12 etc. suppose themolecules to be rigid but this is not really the case. Using infrared intensities in the fundamental and overtone regions we2have calculated (tref. 29) the first and second dipole moment derviatives 3p/3q and 3'/3q . We expect the same effects on the OH groups of water or the butanol OH oscillator. Both derivatives change by simple van der Waals solvent effects.
aii/aq increases with increasing van der Waals forces of the solvent, and a2ii/aq2 decreases similarly (in table 5 The amplitudes of the OH vibrations of H20 change with different H-bond acceptors (Fig. 15) ; parallel reactivities change. Solubility in solvents with weak H-bond acceptors Double bonds or aromatic systems are known as weak H-bond acceptors. Corresponding by the water solubility in such solvents is higher because of bigger interaction energies conpared with nonpolar solutes (see Table 6 ). (To (E11E22) L in eq. (2) the H-bond energy LH12 water/H-bond acceptor has to be added).
Double bonds, which act as weak H-bonds acceptors increase the solubility by a factor of about 10 (compare table 4 and 6). They reduce the energy lag between the water H-bond network in liquid state and the nonpolar solvent. Contrary to table 5 in weak H-bond acceptor liquids the water concentration (table 6) does not describe the water solubility better than x2. The increase of the unsaturated solvent solubility in water is paralell to the increased solubility of water in the same solvent. The reason is that the same pair interaction E12 is an important factor in both cases. The water solubility in solvent is usually bigger than that of the solvent in water because of the greater energy nee3ed to produce a hole in the water H-bond system larger enough to include a relatively big organic molecule.
Solubility of water in hydrophilic solvents
A still higher solubility increase of water could be induced by stronger H-bond acceptor groups. If both components 11 and 22 are H-bond donors in eq. (2) the hole production energy is now -[ Z'/2 W 1 + H1 + Z"/2 + tH22]. Fig. 13 demonstrates this solubility increase (n = mol H20 / noi solvent) at 25°C from toluene (n = 0.0025), to valeronitrile (n = 0.07), to CH3-n-propylketone (n = 0.13), to pentanol (n = 0.65) up to the mixible system water / diethylamine. The band maxima shift to smaller frequencies v, corresponds to the so called Badger-Bauer rule: tv -tHH. good solubility of water in solvents to good solubility of solvents in water (in Fig. 14 curves at the top and right scale give the reciprocal solubility of alcohols in water in mole H20 per mole alcohol).
System: water/polyethylenoxides Polyethylenoxides with hydrop1bic endgroups are important industrial compounds as surfactants, dyeing levelling agents (ref. 38, 39) , protective colloids etc. They are an interesting system for the study of the two phase formation of water I hydrophilic solvents (ref. 40). These compounds are water soluble at low temperature because of the H-bonds between water and the ether groups and the OH end-group. Depending from the hydrophilic I hydrophobic balance determined by the number n of ethyleneoxides grxtps above a turbidity temperature TK, a separation into two phases occurs. In in water without and in presence of Na2SO4
The water content of the organic phase above T decreases with T, going assymptotic to a water content of 2 H2O per ether oxygen (Fig. ff8) . They nay be stabilized by prefered H-bond angles and by less disturbances of the H-bands in the neighbourhood of hydrophobic CH2-groups. Such prefered hydrates seem to be a general phenomena which is not recognized enough: so in the two phase region of water-nicotine two H20 are per nicotine in the organic phase; solubility of water : cyclohexanol is at 0°C 1:2; Fig. 6 shows a 2 H2O : 1 CH3OH complex; M.Synons demonstrated stoichiometric hydrates of Et P0, Me2CO, MeCN at the Leuven conference.
Water in polymers
Water in polymers is a broad field of its own. Some indicators are given: Water acts in 6-nylon as plasticizer for dyestuff diffusion (ref. 39); the water diffusion in nylon is concentration dependent (ref. 58). For water in collagen or in cellulose acetate membranes it could be shown, two different water forms: 1. hydrate water as polymer monolayer and 2. liquid like water as higher water layers (ref. 58., 62, 64) . The liquid like water seems 'to be of importance for tha photosynthesis or for growing processes in biopolymers etc. The separation process of sea water desalination membranes seems to depend on the smallness of the liquid like water layer, thin enough that the big hydration shell of ions have not room enough. 
